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Summary 
The work presented test rcsul ts OF voltagc cffcct of  electric arc current and thc ratc of flow in  relation to the sample on gcometry oi  thc 
surface layer during remelting of 45 stccl with cunccntratcd hcat flux using GTAW mcthod. Thc rcmclting of surface laycr of C45 stccl 
with a siablc fccd ratc of  welding hcad equalling 200 mmlrnin and wi[h Ihc intcnsity of clcctric arc current ranging from SO  to 300A and 
stable intensity or clcctric arc  currcnt 300 A, the rare of hcad fccd was changed From  the valuc of 200 mmlmin  10  800 mmlmin. Dcprh. 
width  and thc  arca of  ohtaincd laycrs wcre  mcasured. The inrcrrelation bctlvccn  thc intensity of electric arc current and tlic  rate  of rrs 
advance in relation Io Ihc treatcd tnaterial. and the gcometry of  rcrncltcd laycrs was dctcrmincd. 
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1. Introduction 
Thc  surracc treatment executcd with  rhc  usc of concentrated 
hcat source with large power dcnsity allows performing a number 
of Lechnological processes resulting  in ~hc  incrcasc of  hardness, 
sesistance to abrasivc wcar of macliinc clcmcnts or improverncnt 
of fatigue strength. The above proccsscs can bc executed with the 
use of laser. elcctron hcam or a ilux of clcctric arc plasma. 
Aiming  at  ~hc  improvcmcnt  of  operational  features  of 
machines and connruction  clcmcnts with  concurrcnt dccreasc of 
cncrgy-consumption of  its production requires  the use  of  high- 
powcr ways of heating. One of the methods leading to achicv~ng 
thcsc aspccts can be thc usc of heating with concentrated hcat flux 
using GTAW mcthod (Gas Tungsten Arc Wclding). 
Argurncnts in  favour of using Ihc GTAW method in surface 
pmccssing are:  high quality of joint pcnctr~tions  duc 10 good gas 
protcct~on  or rnoltcn  pool,  thc  cast  of  processing  control, widc 
possibilities of geometry farming of surfacc layers and efficiency 
of processing due to thc scjcction of prop  parameters or  plasma- 
Forming  gas.  Another  hcncfit  of  rhc  mcrhod  is  reIativcly casy 
operation and low valuc of technological apparatus. 
Much bigger cffcctivc working arca with a s~nglc  hcat strcam 
pass.  as  compared  to  ~hc  laser  or  clcctron  tcchnologlcs, also 
constitutcs thc GTAW method's advantage [I-81. 
In this study, analysis of the electric arc currcnt intcnsity and 
the Fccd  ratc clcctric arc regarding proccsscd marcrial on thc C45 
5tcc3 surfacc laycr's gcometry has hccn pcrformcd. 
2. Methodology and materials used for 
the study 
Test samples wcrc  madc  of  C45 stcel (0,47QC, O,Gl%Mn. 
0,29%Si,  0.01 79P. 0,Q  t4%S, 0. I~QCU,  0.08loCr) in  the shapc of 
cuboid with dimcnsions as fol tows 200~50x20  rnm (Fig I), 
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Thc samplcs were surface-rcmdtcd with thc electric arc. using 
thc FALTlG 3 ISACIDC apparatus rvirh  parameters as per Tablc 
1.  As  a  plasma-forming  Fas  thc  argon  has  bccn  used.  Thc 
processing  was  conductcd  in  thc  Founding  and  \Vclding 
Dtlpanmcnt of  Univcrsi~y  ol'Tcchnology in Rzeszow. 
I  -  --. - 
Fig.  2.  Dragram  or  wclding  hcad  to  processing  in  GTAW 
trcatmenr 
Table  1. 
GTAW proccssing parameters 
3.  Results description 
Fig. 3. Thc sarnplcs nftcr rcmclzing \virh clcctric arc 
Thc conductcd trcarrncnt's  pararncrcrs cnsurcd  rcmcl!tnp  of 
the material surracc laycr In  :ill  spcclmcns, thus crcaling a zonnl 
cross-scction nf oulcr Irrycr: rcmcl~cd  znnc. hcat  infl ucncc  7onc 
and subs~razc  matcrial (Fig. 4). 
Fig.  4.  C45 stccl  micmstructurc  ancr  GTAW trcatmcnt,  A  - 
rcrncltcd zonc, B -  hcat infucncc zonc. C -  srtbslntc rnatcsinl 
Thc  impact of  currcnl intcnsity and ~hc  spccd riirc  ol' clccrric 
arc scanning on thc pomcrry of remcltings wcrc prcsc~lcd  rn tlic 
form of rnicroslmcrurcs on fig. 5.6,  and graphs (FI~  7. 8). 
Thc  incrcasc  of  currcnt  intcnsity  or  clcctrrc  nrc  caiiscs 
incrcnsc in tlic dcpth of rcmclting from 0.85 mrn with I = 50 A up 
to 3.6 mrn will1 I = 300 A. Thc width ofrcmcl~ing  varics from 2.9 
mrn up to  1 1,3 mm wlth the changc of currcnt intcnsity tiom 50 A 
te 300 A. This is causcd by inlroducing largcr amount of hcat into 
proccsscd surfacc layer or thc malcrial. 
Whcn analyzing the changcs of rcmclzing Jcprh dcpnding on 
thc fccd rate of electric arc in rchtion to  lhc lscalcd marenal lhc 
dccrcasc of  temclting dcpth  might  hc  ohscrvcd. which  is from 
Gcomctric  paramders  of  rhe  strain-hardcncd  arcas  wcrc  3.4 mm  with  v  =  700  mmlnlin  up  lo  2.2  mn wilh  11  = 
mcasurcd  with  tlic  Ncophot  2  rnicroscopc,  fined  with  thc  800 mrdrnin. the width of rcmcltcd taycr varics from  11, 3 ltp  10 
Multtscan imagc analysis system and on Tcsta RS-340 scanning  9.2 mm. 
clcctron  rnicroscopc.  Tests  cxccutcd  on  rnicroscctions 
pcrpcndic~ilar  to proccsscd surface. 
10  ARCHIVES of  FOUNDRY ENGINEERING Volume 8,  Special Issue  112008, 9-12 Fly. 7.  I'lcctsic  arc currcnt ~nllucncc  on ~hc  gcolnctry  01'  C4.i  stccl rcmclicd ~onc.  Thc clcclric ;ire t'ccd  t.;il~  lia\ 100 tt~trd~n~~~:  :I) I=  50 :I, 
b)I= 100A,c)I=200A,d)I=300h 
FI~  I-'.  Ikcd ralc  cEcc~~tc  aIc  ~r~lli~c~~cc  r,n  the ycnmclty  r,T  C3S  stccl rcmcltcd zonc.  'She in!crt~i~y  o!'clcctr~c  atr  CL~I.I.CIII  \Y.IS  300 11: 
a)  = 200 nindtiiin. h) 1, = 400 rn~ll/lnin.  c) r = 600 mnl/rnin, d) 1, = 800 mndrnin 
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L-  The conducted treatment's  parameters ensured  remelting of 
9  8 
the material surface layer in all specimens, thus creating a zonal 
cross-section  of  outer layer; rcmelted zone,  heat influence zone 
and native material. 
4  The increase of intensity of electric arc current fmm 50 A to 
300A  with  the  200mmlrnin  speed  of  scanning  caused  the 
0  incrcasc of remelting depth from 0,85  up to 3,6 mm.  The width OF 
6  remelting varies from 2,9 mm up to  F 1-3  mrn with the change of 
current intensity from 50 A up to 300 A. 
When analyzing the changes of  remelting depth depending on 
the feed ratc of  clcctric arc in relation to the treated material the 
decrease of remelting depth  might be  observed, which  is from 
3,4 mrn with v=200 mrnlrnin up to 2,2 mm  with v=800 rnmlmin, 
2  the width of rernclted layer varies from 11, 3 up to 9,2 mm. 
0 
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Streszczenie 
W pracy przedstawiono wyniki badah wplywu nat~tenia  prqdu luku elektrycznego oraz jego szybkoSci przcsuwu wzgledem pr6bki na 
geometriq  warstwy  wierzchniej  podczas  nadtapiania  powierzchniowego  stali  45  skoncentrawanym  strurnieniern  ciepla 
z zastosowaniern metody GTAW. Dokonano  nadtopienia warsttwy  wierzchniej stali  C45  przy  stalej szybkoSci przesuwu  glowicy 
spawalniczej 200  rndmin  i  zastusowaniu  natqtenia  prqdu  luku elektrycznego od  50  do  300A  oraz  stalyrn  natekeniu  prqdu  luku 
elektrycznega 300 A zmieniano predkoSC  przesuwu glowicy od  200 mds  do 800 mmlmin. Wykonano pomiary gt~bokoici,  sxrokoki 
oraz  pola powicrzchni olrzyrnanych warstw.  Wyznaczono zaIetnoSt  porniedzy natqkeniem prqdu  luku elektrycznego i  szybkoiciq jego 
przesuwu wzglqdem obrabianego materialu, a geometriq nadtopionych warstw. 
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